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Abstract—Thermal characteristics of a direct-current plasma torch have been studied in the framework of
numerical simulations of temperature fields in a plasma channel, cathode, and anode. It is established that
the temperature of the operating cathode surface exceeds the melting temperature of the cathode material.
DOI: 10.1134/S1063785018020281
Plasma torches of various types have been widely
used for many years, in particular, in metallurgy for
hardening metal surfaces, plasma deposition of coat-
ings, obtaining fine powders, cutting metals, etc. [1–
3]. The variety of applications determines wide range
of requirements to the properties of plasma torches. A
long operation life of a plasma torch is directly related
to that of its heavy-duty elements, in particular, elec-
trodes. The thermal state of the surface and the mag-
nitude and character of erosion of thermionic cath-
odes in high-current plasma torches determine their
performance characteristics and working life. The
interacting system of electrode and near-cathode
plasma is a complicated object of investigation that is
characterized by strong spatiotemporal inhomogene-
ity. Inhomogeneous temperature fields on the surface
of thermionic cathodes can lead to the appearance of
local overheated zones, evaporation of the cathode
material, its cracking and fracture, and a number of
other processes and phenomena determining the
working life of cathodes.
For these reasons, spatiotemporal analysis of tem-
perature fields on the surface of cathodes generating
high-current electric arcs is a topical task. Numerous
investigations have been devoted to determination and
optimization of plasma torch characteristics. How-
ever, despite the considerable progress that has been
made in modeling direct-current plasma torches [4–
8], the temperatures of the inner surfaces of plasma
torch electrodes are still typically set to be constant
and their inhomogeneous heating due to processes at
the boundary of arc plasma is ignored.
The present work was devoted to numerical simu-
lation of the main characteristics of dc plasma torches,
in particular, self-consistent determination of the dis-
tribution of temperature fields in electrodes. The
model was based on the system of Navier–Stokes
equations (including the equation of continuity, equa-
tions of motion, and equation of heat transfer in the
plasma jet) supplemented by the system of Maxwell
equations for the electric and magnetic fields, the dif-
ferential Ohm’s law, and the equations of heat balance
in a metal cathode and anode:
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Here, ρ, ρc, and ρa are the densities of the gas and the
cathode and anode materials, respectively; t is the
time; V is the velocity vector; B is the magnetic-induc-
tion vector; P is the gas pressure; μ is the dynamic vis-
cosity; cp, cpc, and cpa are the heat capacities of the gas,
cathode, and anode, respectively, at constant pres-
sure; T, Tc, and Ta are temperatures in the plasma
channel, cathode, and anode, respectively; E is the
∂ρ
+ ∇ ρ =
∂
( ) 0,
t
V
( )∂ρ + ⋅ ∇ = ×∂
⎡ ⎤
− ∇ + μ ∇ ⋅ + ∇ μ
⎢ ⎥⎣ ⎦
2 ( ) 2 ( ),
3
t
P S
V V V j B
V
( )∂ρ + ⋅ ∇ − = ∇ λ ∇∂
+ × + ⋅ ∇ −
2
B
rad
( )
5 ,
2
p
T dPc T T
t dt
k T Q
e
V
j E j
∇ σ∇ϕ = = −∇ϕ = σ
∇ = −μ = ∇ ×2 0
( ) 0, , ,
, ,
E j E
A j B A
∂⎛ ⎞ρ = ∇ λ ⋅ ∇⎜ ⎟∂⎝ ⎠
,
, , , ,( ).
c a
c a pc pa c a c a
T
c T
t
